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ANALOGOUS DISP ERSION PROPERTIES OF SU RF ZONE 
AND ELECT ROMAGNET IC WAVES 
~ 
FRITZ BOSCHING 1) 
ABSTRACT 

Resonant in teractio n processes in the su rf zone are ma rked by an ano­

ma l ous dis pers i on property (dc/df > 0) as it is we ll known from re so­

na nce absorption processes of electromagnetic waves in dielectr ics. 

INTRODUCTI ON 

At l east s ince 1974 there has been an increas i ng number of pub lications 

deali ng with so-call ed anoma l ou s di spersion propert i es ob served from 

deepwater wind waves (RAMAMONJIA RI SOA and COANTIC, 1976; LAK E and 

YUEN, 1978) as wel l as f rom waves in areas of trans i tional and shal l ow 

water depth (MASSE L and CHYBICKI, 1980; BOSCH ING, 1978) . Most of the 

respective experi ments are carri ed out by es timati ng t he cross corre la­

t i on or the cross spectra l density f unc tions from the signals of some 

wave gauges pl aced in the wave field appropr i ately. 

Fr om inves ti gations in a l arge wind -water fac i l i ty for deepwa ter wind 

waves fo r i nstance the most s triking departu re f r om th eoret ica l val ues 

consi sts in the phenomenon of nond i spers i venes s dc/d f = 0 espec ia ll y 

at "phase-l ocked" higher f reque ncy compone nts with phase ve l oci t i es 

cl ose to the domina nt wave celeri ty, see Fig. 1. There is, however, 

ano t her deviat i on t o be seen de scri bi ng an anoma lous di spersion 

dc/df > 0 i n the l ow freque ncy range co i ncident with rather smal l energy 
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ANALOGOUS DISPERSION PROPERTIES 
densities . By contrast, the author ' s privious field investigations in 
the surf zone at heavy storm surge condit ions have shown an anomalous 
dispersion property dc/df > 0 in the who le energy containing frequency 
range (BOSCHING , 1978 a) . 
200 r ( \ 
-l0.4 
1100t \~ I \ j) ~ 
/1 1--- I !o 
((HI) 
~ The variation in phase speed of spectral components 
measured by RAMAMONJIARISOA (1974) . 
The th eoretical phase speed c = g/2TIf and the spectra l 
shape are al so shown . 
The anoma l ous dispersion of low frequency components in "deepwater" 
wind wave spectra is of ten attributed to the prese nce of wave groups 
trave ll ing with the appropriate group velocity (PHI LLIPS, 1978) . It is, 
however, doubted by the author whether the l onger period frequency 
components can real ly be regarded as deepwater components even in a 
"l arge" wind -water fac il ity, and moreover i t is questionab le whether it 
can be di stingu ished between phase ve l ocities on the one hand and group 
velocities on the other hand both in the same pl ot based on spectral 
ana lysis . In the fol lowing it wil l be demo nstrated t hat resonant inter­
action effect s are responsible for an anoma l ous dispersion property to 
occur in the very sha ll ow portion of the surf zone . The present contri­
bution refers to measurements privi ously eva l uated in detai l by the 
author, see BOSCHING ( 1978 b) . 
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ANOMA LOUS DI SPERS ION OF SURF ZONE WAVES 
Freguency Doma i n Data 
In t he uppe r par t s of f ig ures 2 and 3 two sets of synchronously meas ured 
energy spectra of water l eve l defl exions are to be seen both charac t e­
r i zing differe nt wind and water depth condi ti ons at s ta tions 100 m and 
85 m di stant fr om t he shoreline r espective ly in a coas t perpendic ula r 
measur i ng profi le on t he is l e of SYLT/North Sea . 
Al though tha t measurements had been carr i ed out at heavy storm surge 
conditions cohe re hce ~ is quite good at th e energy containing f requen­
cy components (about ~ = 0.8 and ~ = 0.7 respe ct i vely) . In t hi s cases 
t he phase ve l oc i ty was calcula t ed from the phase i nformat i on of the 
transfer f unct ions plotted be l ow. 
As to be see n from th e grap h at hig h cohe rence val ues the phase infor ­
mat ion can ve ry we ll be app r ox imated by a l inea r regressio n 
4> ( f ) = 4> n + et • f 	 (1 ) 
in wh ich et • f is du e to the di s t ance of t he two meas uring stations 
6x = 15 m, and it can be shown from t he conversi on i nto phase ve locity 
applying 
06x . 360 fc(f ) 	 (2)4> (f) • 
that the magn i t ude of th e positi ve portion of 4>n dec i des on the degree 
of t he anomalous dispersi on proper ty dc / df > O. 
As was f ound by the author in 1978 the anoma l ous dis persion gets more 
di s tinct wi th the water depth decreas i ng; hence. the ma gnitude of 4>n in 
Fig . 3 is greater than in Fig . 2: 
4>2 > 4> 1 	 (3) 
ANA LOGOUS DISPERSION PROPERTIES 
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Fi g. 2: 	 Spectral funct ions of two wave ga ug e signa l s at a high t ide 
water level . 
Ga uge distances from shore 100 m and 85 m respective ly . 
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~ Spectral functions of two wave gauge signa l s at a low tide 
water level . 
Gauge distance from shore 100 m and 85 m respectively _ 
Al\ALOGOUS DISPERSION PROPERTIES 
There is , however, another phenomenon to be seen from Fig. 3 represen­
ting a very shallow water depth condition . Obviously a peak shift to 
lower frequencies ha s happend on the rather shor t di stance of 6x = 15 m 
i n the upbeach di rect i on, and addit i onally an increase in the maximum 
ene rgy density can be watched. This fact al so comes out clearly from the 
mag ni tude of the transfer function, if its inverse values are cons idered 
at high coherence only, resu l ting in an average va l ue of 
(4 )H2 IHll 1001l85 I 1. 53 
Simil ar energy shifts to l ower frequencies due to decreas i ng water 
depth are also to be seen from spectra publ ished by SONU, PETTIGREW and 
FREDERICKS (1974) and GODA (1975) . By contrast, at the condition of 
Fi g. 2, marked by a greater water depth, energy density decreases from 
station 100 m to station 85 m accord i ng ly resulting in an average value 
(5 )HI I Hnl00n85 I = 0. 99 < 1 
Ti me Doma i n Data 
I nc reasing wave periods in the upbeach direct ion (in accordance with 
peak shi ft to l owe r frequencies) cou ld al so be de t ec t ed in the time 
domain from synchronous ly take n s tri p cha r t s. 
Fi gures 4 and 5 show the results of a zer o crossing evaluati on technique 
app li ed t o the data of 6 and 5 measu ring s tations respectively sti ll i n 
operation i n the same coast perpendi cula r mea suri ng profile at normal 
weather conditions _ 
Bes i des the wave heights here the wave propagation velocity is plotted 
with reference to the water depth, the wave periods and the wave length 
respectively. Because of the lack of space here only two things shall 
be pointed out with respect to broken waves . 
After breaking the wave deceleration is less than before breaking , and , 
as a consequence of an increasing "wave period ", there i s an anomalous 
http://www.digibib.tu-bs.de/?docid=00056917 01/07/2014
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dispersion characterized by dc/dL < O. The detail s of that measurements 
are also given i n BOSCHING (1978 b). 
ANOMALOOS DI SPERSION OF ELECTRrnAGNETIC HAVES 
From electr omagnetic waves it is well known that an anomalous dispe r ­
sion of frequency components i s due to a resonance phenomenon (reso ­
nance abso r ption in dielectrics). If one has an electromagnetic wave 
propagati ng through a medium made up of a number of oscil l ators (elec­
tro ns or ion s) per unit vo l ume one gets a complex refractive i ndex 
nl( = n -	 i k (6) 
in which n is the rea l refractive index (also representing phase velo­
city) and k = n • K i s an absorption qua ntity (also represent ing the 
amplitude response near resonance) . 
As to be seen from Fig. 6 both components vary with wave length . By the 
equation (6) it is stated that resonance, absorption and anomal ous dis ­
persion are combined effects . If an incident component wave has near ly 
the same l ength or frequency as an oscillator of the medium resonance 
occurs . The osc i l l ato r absorbs the energy from the forcing inc i de nt 
wave . At resonance absorption represented here by k is a maximum, and 
in the vicinity of the spot of resonance always an anoma l ous dispers ion 
dn/d L > 0 corresponding to dc/df > 0 (or dc/dL < 0 or dn/df < 0) 
appears . In a l i ght spectrum this means that the sequence of spectral 
colours here is the inverse to the norma l case : refraction of the red 
co lour i s a maximum instead of the violet colour . It is because of the 
coincident maximum of absorption that we are not as famil i ar with this 
kind of dispersion as we are with the normal dispersion property . In 
l iqu i ds and solids, due to molecular collisions and strong intermolecu ­
lar forces, the absorption and dispersion curves become very much 
broadened, the broadening being very irregular owing to the varying 
molecu l ar force field. Additionally damping i s an essent ial quant i ty 
as it i s true to all forced vibration processes. 
ANALOGOUS DISPERSION PROPERTIES 
n.k 
ill 
 dn ( . I
'I : dL < 0 normal dispersion 
I 	 I 
I 
n 
I 
I 
I dn (-CL > o (anomalous dispers ion I 
I 
I 
I 
I 
I 
dn /'
d[< 0 \ !11 
I 
Iv 
'. 
k 
LR 
n 
Resonance Wow: Length 
Real Refractive Index 
\ 
\ , k Absorption .. Konstant .. 
~ 
LR 
Fig. 6: 	 Absorption above and below a region of anomalous dispersion 
centered about the resonance wave length 
Moreover it is \;ell known from thin film optics that dispersi on proper­
ties depend on the actual film thickness, see for instance MAYER (1950). 
With respect to the transmission of light through a gold film it can be 
seen from Fig. 7 that an anomalous dispersion property gets more dis ­
tinct in the visible spectrum with the film thickness decreasing. At a 
rather thick film (solid l ine) the visible spectrum is dominated by a 
normal dispersion whereas at a very thin film there is an anomalous 
dispersion in the total visible spectrum. 
http://www.digibib.tu-bs.de/?docid=00056917 01/07/2014
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ANALOGOUS DIS PERSION PROPERTIES 
DISC USSION AND CONCLUSIONS 
Formerl y the author was abl e t o deduce an anomalous di spers io n property 
combined wi th a peak sh i f t ~f to lower frequenc i es fr om an equat ion 
2 • [c( x) - co l 
M 	 f( - f (7)f o 2 . 	Co - c( x) o 
see BOSCH ING (1980) in whi ch fo and Co are the componen t frequ ency 
and celer ity res pecti vel y at a known pos iti on in t he sur f zone, and 
c(x) < Co and f ix ) < fo are caused by a superi mposed (accel erated) 
cur rent at a cer tai n pos i tion on th e same wave beam nearer to the shore . 
Vice versa a posit i ve fr equency shift can be produced in applyi ng 
c(x ) > co' Th e author i s s t i l l convinced tha t super impored cu r rents do 
have an important effect on wave deformation pr ocess es particularly 
taki ng pl ace i n the pos t breaking lone. For example in the lower pa rt 
of Fi g. 8 t here are sh own some addi ti onal spectra measured sy nchro nous­
ly at stat i on s 100 m and 85 m f rom the shore . If t he res pecti ve sets of 
spe ctra are connec ted with t he coast norma l component of th e mea n resi­
dual ve loci ti es meas ured at station 85 m (see mid dl e par t of Fig . 8 ) 
actu all y differen t frequen cy shi fts can be seen. In t he presen t case 
t he re i s 
a) 	 a ne gat i ve f req ue ncy shi f t (red sh i ft ) 

comb i ned with a seaward direc t ed resi dual 

current (s ee f irst set of s pectr a), 

b) 	 al mos t no sh i f t i n corres pondance wi th mi nimal 
re sidual cur rents (see second set of spectra) and 
c) 	 there 1s a pos it i ve shi f t (blue shift ) coinci dent 
with a coas tward di rect ed r es i dua l cu rrent 
(see th i rd set of spectra) . 
As, however , t he additi onal phenome non of an inc reasing energy densi ty 
in t he upbeach directi on, especially at very l ow water depth conditi ons 
(f irs t and t hi rd set of spectra ) , can not be explained in appl ying 
eq uation (7 ) , i n th e fo ll owi ng t he ques tion i s co ns idered whether the 
above demonstrated comb i ned effects of resonance , abs orptio n and an oma­
http://www.digibib.tu-bs.de/?docid=00056917 01/07/2014
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ANALOGOUS DISPERSION PROPERTIES 
l ou s di spers ion, known f rom electromagnetic wa ves , al so apply to surf 
zone character i stics . 
In order to get a better unders tand i ng of th at mec hani sm an i nspecti on 
of the response character i s t ics of a s ingle degree of f reedom oscilla­
tor can be hel pful, see Fi g. 9. 
As an ana l ogue to the above shown transfer func t i on thi s is al so sub ­
divided in to magnitude and phas e. The amplitude response characteristic 
as we ll as t he phas e character i sti c both are pl otted wi t h reference to 
the frequency ratio 
forci nr freque ncy; ff n ( 8) natu ra frequency ~ 
i nstead of the frequency as i t i s used at the t r ansfer functi ons. 
Both components are s igni fic ant ly marked by the actual damping rate D 
whi ch is well-defined by the respec t ive famili es of curves. 
App lying this mode l to the surf zone the forcing frequenc ies are tho se 
coming from offs ho re, and the vol ume of water present i n the surf zone 
is characterized by some ei genfrequenc ies . 
A similar concept i s we ll known fr om edge wave i nvestigat i ons (GUZA and 
BDWEN, 1976; CHAPELL and WRIGHT, 1978 ) . 
In order to check its va l idity in the foll owi ng it i s t ri ed t o compare 
t he response character i stics of Fig. 9 with the transfer funct i on data 
of Fi g. 2 and 3 respec t ively, both representing different wave cond i ­
tions and di fferent anoma l ous dispers i on prope r ties . 
If the val ues HI ' ~ 1 and H2, ~2 are transferred to Fig . 9 cond i ti ons'I/ 
and 2}can be diffe renti at ed by suitable damp i ng rates D and correspon­
ding f requency r atios n. 
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AN ALOGOUS DISPERS ION PROPERTI ES 
At co nditi on(j)a distinct amplitude and phase respo ns e can not be dedu­
ced becaus e transfer functi on ma gnitude does not di ffer much from unity, 
and t he phase angl e is f ar f rom bei ng ~ = 90°. Ampli t ude and phase cha­
racter i s tics (HI = 0.99 and ~l = 38.5° ) in this case get together at a 
f req ue ncy ra ti o 
nl 0. 46 < 0. 54 	 (9) 
cor res ponding to a damp ing r at e 
0.5 < Dl < 1'l/2 	 110 ) 
Herewith it can be concluded that damp ing domina tes in this case . 
By contr ast , at condition~ mark ed by a t r ansfer fu nct i on magn itude 
apprec i ably greater t han unity (H2 = 1.53 ) and a l arger phase angle 
(~ 2 = 52. 38) it is foun d a f requency r atio 
n2 = 0.74 > 0. 70 	 ( 11 ) 
and a corresponding damping r ate 
0. 25 < O2 < 0.5 	 (1 2 ) 
Hence , f r om th i s ana lys i s there i s an indi ca ti on that resonant i nte rac­
t i ons i nclud i ng anomal ous di spers ion are more likely to occur in the 
surf zone at lower water depth . 
Thi s r esu l t , however , is i nfac t in accordance with t he above shown 
exa mp l e f rom t hin f ilm optic s, see Fig. 7. More over the analogous be­
ha viour of e lectromagnet ic waves at reso nance absorp t i on and surf zone 
wa ves is unde r lined by the fa ct that t he rat i o f il m thi ck ness dev ided 
by light wa ve length is si mi l ar to t he ratio water depth devided by wave 
length i n t he pos t brea king zone . 
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